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Abstract. We conducted a longitudinal analysis of 117 lymphedema patients in a filariasis-endemic area of Haiti
during 1995–2008. No difference in lymphedema progression between those who received or did not receive mass drug
administration (MDA) was found on measures of foot (P = 0.24), ankle (P = 0.87), or leg (P = 0.46) circumference; leg
volume displacement (P = 0.09), lymphedema stage (P = 0.93), or frequency of adenolymphangitis (ADL) episodes (P =
0.57). Rates of ADL per year were greater after initiation of MDA among both groups (P < 0.01). Nevertheless, patients
who received MDA reported improvement in four areas of lymphedema-related quality of life (P £ 0.01). Decreases in
foot and ankle circumference and ADL episodes were observed during the 1995-1998 lymphedema management study
(P £ 0.01). This study represents the first longitudinal, quantitative, leg-specific analysis examining the clinical effect of
diethylcarbamazine on lymphedema progression and ADL episodes.

INTRODUCTION

Lymphatic filariasis (LF) is a chronic disabling and debili-
tating parasitic infection that is one of the major causes of
long-term disability worldwide.1 After acquisition of infec-
tion, there is evidence of subclinical changes that later pro-
gress to overt clinical disease, including lymphedema and
elephantiasis, hydrocele in males, episodes of filarial
adenolymphangitis, and chyluria.2,3 Persons with lymphatic
filariasis often have acute bacterial dermatolymphan-
gioadenitis (ADL) episodes, which are characterized by swell-
ing, fever, pain, and inflammation of the affected extremity.4,5

Skin lesions, including interdigital lesions, serve as an entry
point for bacteria believed to initiate the ADL episode.6 Epi-
sodes of ADL can increase the pace with which lymphedema
progresses to elephantiasis.4 Repeated episodes of ADL
accelerate damage to superficial lymphatic vessels in the skin,
which results in worsened lymphatic dysfunction, fibrosis, and
increased risk for future episodes of ADL.5,7–10

The Global Programme to Eliminate Lymphatic Filariasis
has two components: primary prevention, which uses mass drug
administration (MDA) with diethylcarbamazine (DEC) and
albendazole or ivermectin and albendazole to interrupt LF
transmission and secondary or tertiary prevention, which
focuses on preventing and managing disability for affected
persons.11 Disability prevention for patients with filarial mor-
bidity includes basic lymphedema management for those with
lymphedema and hydrocelectomy for men with hydrocele.
Lymphedema management involves leg hygiene, early treat-
ment of bacterial and fungal infections, elevation, and exer-
cises.12 Clinical and histopathologic studies suggest that
lymphedema management can decrease the number of ADL
episodes9,13–19 and halt or, in some cases, partially reverse
disease progression.14,16–18,20

Although there are several studies demonstrating improve-
ment in lymphedema in patients who adhere to a lymphedema

management regimen, the literature exploring the effect of
mass drug administration with DEC, either alone or in combi-
nation with albendazole, on filarial morbidity is inconclusive.
Recent clinical research using ultrasonography and lympho-
scintigraphy has documented the reversal of early lymph-vessel
damage in Brugia malayi–infected children after MDA with
DEC in India.21 However, earlier studies in Brazil have failed
to find a decrease in lymphatic vessel dilation after treatment
with DEC in adults infected with Wuchereria bancrofti.22,23 Of
the 13 published studies assessing the effect of DEC on lymph-
edema-specific filarial morbidity, nine found a beneficial effect
of DEC on lymphedema20,24–31 and the other studies demon-
strated no effect.32–35 In addition, seven of eight studies dem-
onstrated that DEC decreased the incidence of ADL episodes
in patients with lymphedema14,20,24–26,32,36 and one study
showed no effect.33 It is important to note that these studies
differ with regard to study design, evaluation criteria, fre-
quency and dosage of drug treatment, case definitions, and
clinical follow-up, thus making direct comparisons difficult.
For most of these studies, the primary outcome was micro-
filaremia as opposed to clinical morbidity (i.e., lymphedema
and ADL episodes), and many had small sample sizes. In addi-
tion, none of the studies were conducted in a filariasis-endemic
area in the Western Hemisphere.
Léogane, Haiti has long been endemic for W. bancrofti

infection with antigen prevalence documented as high as
50% in some communities.37 Yearly MDA with DEC began
in Léogane in October 2000 for persons more than two years
of age. Because of concerns of toxicity, women of childbear-
ing age were not administered albendazole until 2002. Drugs
have been distributed yearly, with the exception of 2006, in
which MDA was suspended because of a gap in funding.38,39

The major health facility for Léogane Commune is Sainte
Croix Hospital.40 In 1995, a lymphedema management study
was initiated at the outpatient clinic at Sainte Croix Hospital
to help lymphedema patients manage their symptoms and
prevent further acceleration of the disease.
The objective of this study was to assess the impact of mass

drug administration with DEC on clinical measures of filarial
morbidity, including lymphedema progression and the num-
ber of ADL episodes per year, as well as on quality of life
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indicators in a cohort of Haitian lymphedema patients living
in a filariasis-endemic area. A secondary objective involved
assessing the impact of lymphedema management on these
same clinical measures of filarial morbidity.

METHODS

Study population. A cohort of 175 lymphedema patients
was enrolled in a prospective lymphedema management study
that was conducted during 1995–1998 at the outpatient clinic
of Sainte Croix Hospital in the Léogane Commune. Patients
visited the clinic regularly during 1995–1998, and some per-
sons from this original cohort were also involved with other
clinical studies conducted at Sainte Croix Hospital outpatient
lymphedema clinic in 2000, 2001, and 2002. The original
cohort of 175 patients was subsequently targeted for long-
term follow-up in 2008. Databases for the 1995–1998 prospec-
tive cohort study and the long-term follow-up in 2008 were
combined with additional data from a cross-sectional study
conducted in 2000 and a prospective cohort study conducted
during 2001–2002 that contained pertinent data on this study
cohort.41,42 The study protocols and consent forms were
approved by the Ethics Committee at Sainte Croix Hospital
and the Institutional Review Board at the Centers for Disease
Control and Prevention. Written informed consent was
obtained from patients for their involvement in all studies.
Clinical history and physical examination. During study

years spanning 1995 to 2008, patients were evaluated at the
clinic or were seen at home if they were either unwilling or
unable to come to the clinic. Patients underwent physical
examinations specific to their lymphedema, which included
measurements of lower limb volume and circumference,
lymphedema stage, and an assessment of the presence of
interdigital lesions.
Circumference measurements were taken (in cm) at three

fixed points: the foot 10 cm proximal to the tip of the first toe,
the ankle 10 cm from the floor, and the leg 25 cm from the
floor. The volume of each leg (in mL) was determined by
measuring the displacement of a standard volume of water
into a calibrated cylinder.43 Severity of lymphedema was
staged on a seven-stage classification system developed by
Dreyer and others.12 Questionnaires were administered at
enrollment of each study with information about patient
demographics, history of lymphedema, quality of life, compli-
ance with lymphedema management, and ADL episode
history in the previous 12 months. The EuroQol-5D ques-
tionnaire was used for quality of life questions. For the pur-
poses of this study, an ADL episode was defined as a
combination of two or more of the following symptoms: swell-
ing, redness, and pain in a lower extremity with or without
systemic manifestations of fever, and chills. Data were
obtained on both legs for all patients, regardless of whether
lymphedema was visualized.
Study exposure. Mass drug administration is conducted

through distribution posts in Haiti where the drugs are pro-
vided with water to help participants swallow the pills. The
drug distributors insist on direct observation of treatment.
The main exposure evaluated was a self-reported dichoto-
mous variable collected in 2008, which indicated whether a
person had ever ingested DEC during MDA. If a patient
reported ever having taken DEC during MDA, they were
considered as having received MDA. If a patient reported

never receiving DEC during MDA, they were considered as
never having received MDA. Pre-intervention refers to the
period before initiation of MDA (before 2000), whereas
post-intervention refers to the year 2000 and beyond, which
was after the initiation of MDA. A secondary exposure eval-
uated was the impact of the lymphedema management study
that was conducted during 1995–1998.
Study outcomes. We investigated six primary outcomes of

interest: foot circumference, ankle circumference, leg circum-
ference, leg volume (assessed by water displacement), stage of
lymphedema, and number of ADL episodes per year. For
measurement outcomes (i.e., foot, ankle, and leg circumfer-
ence, and volume displacement of leg) for prospective cohort
studies, the median values were calculated for each year to
mirror the data available in the cross-sectional studies. The
number of ADL episodes in the previous 12-month period
was self-reported upon enrollment in cross-sectional and pro-
spective cohort studies. For prospective cohort studies after
enrollment, the number of ADL episodes per year was calcu-
lated by summing the number of ADL episodes reported
since the last visit during a 12-month period. Stage of lymph-
edema was recorded after a thorough physical examination of
the patient’s legs.
In addition to the six quantitative outcomes, a qualitative

outcome, quality of life, was investigated. During the 2008
study, patients who received MDA retrospectively self-
reported perceptions of quality of life before taking DEC
and reported current perspectives on quality of life. Differ-
ences in four areas of quality of life directly related to the
patient’s lymphedema were compared pre- and post-interven-
tion: experience of pain or discomfort, suffering from anxiety
or depression, problems with mobility, and difficulties per-
forming usual activities.
Study covariates. Demographic variables collected across

all studies included sex, age, education level, literacy, and
wealth quintile (Table 1). A principal components analysis
was applied to assets, which were included in the Haitian
Demographic and Health Survey, to create a household socio-
economic index. Ownership of a bicycle, phone, car, refriger-
ator, radio, and television were included in the principal
components analysis. Patients were then assigned to wealth
quintiles based on the value of the index. The LF transmission
level was estimated for each patient by the section of the
Léogane Commune in which the patient’s home was located
and rated as low, intermediate, or high level transmission
based on antigenemia data obtained from sentinel site surveys
during 1995–2008.37,39,44 Lymphedema-specific covariates
included self-reported number of years with lymphedema and
physical examination findings of number of interdigital lesions
at each visit. Compliance with lymphedema management was
assessed by using a hygiene composite score, which was created
for each person at every time point where information was
available. The composite score was comprised of three compo-
nents: washing, elevation, and exercise. Patients were grouped
into three categories: highly compliant (participating in wash-
ing, elevation, and exercise activities several times per week to
every day), moderately compliant (participating in these activ-
ities two times per month to once a week), and rarely or never
compliant (participating in these activities never to once per
month). Similarly, the extent to which a person self-bandaged
his or her leg was categorized as highly compliant for those
who bandaged several days a week to everyday, moderately
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compliant for those who bandaged two or more times a month
to once a week, and rarely or never compliant for those who
never bandaged or bandaged once per month.
Statistical methods. The effects of MDA with DEC on the

six quantitative measures of lymphedema-specific morbidity
mentioned above, as well as on four quality of life measures
were assessed. In addition, the effects of the lymphedema
management study on the same six measures of lymph-
edema-specific morbidity were examined. The sign test was
used to determine the effect of MDA on perceptions of qual-
ity of life. For quantitative measures of morbidity, models
using outcome measures from both legs were fit using gener-
alized estimating equations to control for correlated observa-
tions on both legs of the same person over time.45 Significant
covariates and those determined necessary to include based
on previous studies were controlled for in all of these
models.4,46 Any missing covariates were multiply imputed.47

For leg measurement models with continuous outcomes
such as foot, ankle, and leg circumference, as well as volume
displacement of the leg, multivariable linear models were fit,
and the response for each model was the actual measurement.

Poisson regression was used to model the log number of ADL
episodes per year. For the lymphedema stage outcome, a
proportional odds model was fit using three stage categories:
no lymphedema (stage 0), early lymphedema (stages 1–3),
and advanced lymphedema (stages 4–7). The two cumulative
logits were based on comparing higher to lower stage catego-
ries, and the resulting odds ratios are for advanced lymph-
edema versus early and no lymphedema and for advanced
and early lymphedema versus no lymphedema.
All models assessing the effects of MDA enabled the same

four comparisons. Two comparisons assessed differences in the
rates of change for measures of lymphedema progression and
for the number of ADL episodes between the persons who
received MDA pre- and post-intervention. The second two
comparisons examined the rates of change pre- and post-
intervention for persons who received MDA and those who
did not receive MDA. The lymphedema management models
ignored MDA exposure groups and allowed for examination
of rates of change both during the lymphedema management
study years (1995–1998) and after the conclusion of the
study (1998–2008).

Table 1

Demographic and clinical characteristics of lymphedema cohort at enrollment by mass drug administration (MDA) exposure status, Léogane, Haiti*
Characteristic Received MDA (n = 102) Did not receive MDA (n = 15) P

Female sex 88 (86.3%) 13 (86.7%) 1.00†
Mean age, years (range) 35.8 (10–75) 38.8 (13–62) 0.15‡
Education
None 37 (36.3%) 7 (46.7%) 0.11‡
Primary school 54 (52.9%) 8 (53.3%)
Secondary school 10 (9.8%) 0 (0.0%)
Post-secondary school 1 (1.0%) 0 (0.0%)

Literate 52 (51.0%) 7 (46.7%) 0.79†
Transmission
Low 0 (0.0%) 1 (6.7%) < 0.01‡
Medium 3 (2.9%) 2 (13.3%)
High 99 (97.1%) 12 (80.0%)

Wealth quintile n = 14
Lowest 34 (33.3%) 4/14 (28.6%) 0.80‡
Second 35 (34.3%) 7/14 (50.0%)
Middle 10 (9.8%) 0 (0.0%)
Fourth 11 (10.8%) 2/14 (14.3%)
Highest 12 (11.8%) 1/14 (7.1%)

Home bandaging (managed by patient)
Infrequent 57 (55.9%) 8 (53.3%) 0.34‡
Moderate 22 (21.6%) 1 (6.7%)
Frequent 23 (22.5%) 6 (40.0%)

Hygiene composite n = 78 n = 14
Rarely/never compliant 15/78 (19.2%) 6/14 (42.9%) 0.28‡
Moderately compliant 24/78 (30.8%) 1/14 (7.1%)
Highly compliant 39/78 (50.0%) 7/14 (50.0%)

Lymphedema duration, years§ n = 204 n = 30
< 5 133/204 (65.2%) 16/30 (53.3%) 0.12‡
5–14 44/204 (21.6%) 6/30 (20.0%)
³ 15 27/204 (13.2%) 8/30 (26.7%)

Measurements
Mean foot circumference, cm (range) 23.74 (18.50–32.70) 24.51 (19.60–28.90) 0.07‡
Mean ankle circumference, cm (range) 25.20 (18.15–45.10) 26.59 (17.35–37.55) 0.06‡
Mean leg circumference, cm (range) 30.55 (22.90–50.50) 33.23 (21.90–52.00) 0.02‡
Mean volume displacement of leg, cm (range) 1,847.7 (940.0–3,425.0) 1,957.3 (1,055.0–2,730.0) 0.18‡
Mean ADL episodes in past 12 months (range) 1.15 (0–12) 1.3 (0–12) 0.99‡

Stage of leg lymphedema§ n = 204 n = 30
0 19/204 (9.3%) 4/30 (13.3%) 0.01‡
1–3 168/204 (82.4%) 15/30 (50.0%)
³ 4 17/204 (8.3%) 11/30 (36.7%)

*Except where indicated, values are no. (%). ADL = adenolymphangitis.
†Significance of difference by Pearson’s chi-square test.
‡Significance of difference by Wilcoxon rank-sum test.
§Leg-specific variable.
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All analyses were performed by using SASÒ version 9.2
(SAS Institute Inc., Cary, NC).The sign test for the quality of
life assessment was performed by using PROC UNIVARI-
ATE. The generalized estimating equations models for the
quantitative measures of morbidity were fit by using PROC
GENMOD with either the independent correlation structure
(proportional odds model for stage category outcome) or the
autoregressive correlation structure (all other models).

RESULTS

Study population.Of the 175 patients in the original cohort,
117 (67%) patients were enrolled in the 2008 follow-up study
(23 died, 10 moved out of the country, 24 were unable to be
located, and 1 refused participation). This cohort of 117
lymphedema patients and the 58 patients from the original
cohort who were lost to follow-up did not differ significantly
with regard to sex (P = 0.09, by chi-square test), age category
(P = 0.11, by Wilcoxon rank-sum test), literacy (P = 0.87, by
chi-square test), duration of lymphedema (P = 0.15, by
Wilcoxon rank-sum test), or stage of lymphedema (P = 0.10,
by Wilcoxon rank-sum test).
These analyses were limited to the 117 patients who partic-

ipated in the 2008 long-term follow-up study. Of the 117
patients, 15 (12.8%) did not receive MDA and 102 (87.2%)
received MDA; 53 patients reported receiving MDA seven
times, 27 patients reported receiving MDA five or six times,
10 patients reported receiving MDA three or four times,
11 patients reported receiving MDA one or two times, and
one patient reported receiving MDA but could not recall the
number of times. Patients had a median of six time points
of observation included in the analysis (range = 3–8 time
points of observations for all participants).
Demographic characteristics. Patients who received MDA

and those who did not receive MDA in this cohort were
similar for demographic and clinical characteristics at enroll-
ment (Table 1). Of the 117 lymphedema patients, the mean
age was 36.2 years (range = 10–75 years) and 101 (86.3%)
were female. A total of 59 (50.4%) patients were literate and
80 (69.0%) were in one of the two lowest wealth quintiles.
Most (63.7%) reported lymphedema for less than five years

and most (78.2%) had lymphedema stages 1–3. There were
differences between the two groups with regard to LF trans-
mission level, stage of lymphedema, and leg circumference.
The group that did not receive MDA had a slightly greater
proportion of patients with higher stages, a slightly larger
mean leg circumference, and a greater proportion of patients
who had lived in lower transmission areas.
Comparison between patients who received MDA and

those who did not receive MDA. When we compared rates
of change between persons who received MDA and those
who did not receive MDA during the pre-intervention phase,
no differences in rates of change were found for any of the
lymphedema-specific morbidity outcomes between those who
later received MDA and those who did not (see below for
model details). Therefore, post-intervention comparisons
were made and are shown in Tables 2 and 3. All covariates
controlled for when comparing persons who received MDA
and those who did not were similarly controlled for in the
within group comparisons noted below.
Effect of MDA on quantitative leg measurements. During

the post-intervention period (2000–2008), there was no differ-
ence in the rate of change between those who received MDA
and those who did not for any of the measurement outcomes
(i.e., foot, ankle, and leg circumference, and volume dis-
placement of leg) (Table 2 and Figure 1). These models all
controlled for compliance with lymphedema management,
level of transmission, bandage use, the number of ADL epi-
sodes per year, presence of interdigital lesions, and stage of
lymphedema. In addition, other significant covariates were
controlled for in these models (Table 2).
Effect of MDA on ADL episodes. Post-intervention, no

difference in the changes in rates of ADL episodes per year
were found when comparing persons who received MDA and
those who did not (P = 0.57) (Table 3 and Figure 2). This
model adjusted for literacy, transmission level, compliance
with lymphedema management, wealth quintile, presence of
interdigital lesions, and stage of lymphedema.
Effect of MDA on lymphedema stage. The change in odds

of a higher stage category for persons who did not receive
MDA did not differ from the change for those who received
MDA post-intervention (P = 0.93) (Table 3). Compliance

Table 2

Effect of mass drug administration (MDA) on quantitative lower extremity measurements pre- and post-intervention for 117 lymphedema
patients, Léogane, Haiti, 1995–2008*

Outcome

Rate of change per
year among those
who received MDA

Rate of change per
year among those who
did not receive MDA

Difference in rate
(received MDA – did not

receive MDA)
95% confidence interval
for difference in rate P

Foot circumference†
Pre-intervention –0.22 –0.34 0.12 –0.13 to 0.37 0.35
Post-intervention –0.16 –0.06 –0.10 –0.25 to 0.06 0.24

Ankle circumference‡
Pre-intervention –0.34 –0.79 0.45 –0.25 to 1.15 0.21
Post-intervention –0.21 –0.24 0.03 –0.26 to 0.31 0.86

Leg circumference§
Pre-intervention –0.18 –0.51 0.33 –0.39 to 1.04 0.37
Post-intervention –0.17 –0.04 –0.13 –0.46 to 0.21 0.46

Volume displacement¶
Pre-intervention 34.84 45.56 –10.72 –136.98 to 115.53 0.87
Post-intervention 37.68 103.93 –66.25 –143.37 to 10.87 0.09

*Each outcome was adjusted for model-specific variables by using a generalized estimating equations (GEEs) repeated measures linear regression. Additional outcome specific variables
controlled for beyond those listed in the text are reported below.
†Circumference (in cm) of the foot 10 cm from the tip of the first toe. Additionally adjusted for sex and wealth quintile.
‡Circumference (in cm) of the ankle 10 cm from the floor. Additionally adjusted for sex.
§Circumference (in cm) of the ankle 25 cm from the floor. Additionally adjusted for age.
¶Amount of water (in mL) displaced from a standard volume of water. Additionally adjusted for sex and lymphedema duration.
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with lymphedema management, level of transmission, ban-
dage use, number of ADL episodes in the past year, compres-
sive bandaging, presence of interdigital lesions, and
lymphedema duration were controlled for in the model.
Over the 13-year period, there was no difference between

persons who received MDA and those who did not in terms of
the percentage of persons transitioning between stage catego-
ries (regressing, staying in the same, or advancing a stage
category) (P = 0.67, by Wilcoxon rank-sum test). Similarly,
no difference was found between the percentage of persons
who progressed to an advanced lymphedema stage from
either early or no lymphedema between MDA groups (P =
0.71, by chi-square test). Among the entire cohort of 234 legs
from 117 participants, 23 (9.8%) of 234 regressed a stage
category, 171 (73.1%) of 234 remained in the same stage

category, and 40 (17.1%) of 234 advanced a stage category
between 1995 and 2008.
Within group comparisons (received or did not receive

MDA) pre- and post- intervention. Effect of MDA on
quantitative leg measurements, lymphedema stage, and
ADL episodes. No significant difference in the rate of change
was found pre- and post-intervention within either persons
who received MDA or those who did not with respect to foot,
ankle, and leg circumference measurements and volume dis-
placement of leg (P > 0.06) (Figure 1). Similarly, the change in
odds of having a higher stage category did not differ pre- or
post-intervention within either MDA group (P > 0.80). In
contrast, the rate of increase in the log number of ADL epi-
sodes was significantly greater post-intervention than pre-
intervention among both MDA groups (P < 0.01) (Figure 2).

Table 3

Effect of mass drug administration (MDA) on ADL episodes and stage of lymphedema pre- and post-intervention for 117 lymphedema patients,
Léogane, Haiti, 1995–2008

Outcome

Ratio for year
increase among

those who received MDA

Ratio for year
increase among
those who did

not receive MDA

Comparison of
ratios (received
MDA/did not
receive MDA)

95% confidence
interval for

comparison of
ratios P

ADL episodes*
Pre-intervention 0.64 0.56 1.14 0.81–1.64 0.44
Post-intervention 1.23 1.29 0.95 0.80–1.13 0.57

Stage of lymphedema†
Pre-intervention 0.95 0.99 0.96 0.68–1.35 0.82
Post-intervention 0.94 0.94 1.00 0.84–1.21 0.93

*Ratio reported is rate ratio. Adjusted for model-specific variables by using generalized estimating equations (GEEs) repeated measures Poisson regression. Defined as the number of
adenolymphangitis (ADL) episodes per year.
†Ratio reported is odds ratio for both stage category 3 vs. categories 2 and 1 and for stage categories 3 and 2 vs. category 1. Adjusted for model-specific variables by using a GEE repeated

measures cumulative logistic regression.

Figure 1. Quantitative lower extremity measurements for 1995–2008 among 117 lymphedema patients who received and did not receive mass
drug administration (MDA) in Léogane, Haiti. The vertical line represents implementation of the intervention, MDA, in October 2000. All graphs
represent the raw mean of the quantitative measurements and do not reflect the actual slope of the line after controlling for other covariates.
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Quality of life. Patients who received MDA reported a
significant improvement post-intervention compared with
pre-intervention in all areas of quality of life assessed. Of
101 patients, 34 (34.7%) reported an improvement in their
experience of pain or discomfort (P < 0.01), 27 (27.0%) of
100 documented an improvement in their suffering from anx-
iety or depression (P = 0.01), 26 (25.7%) indicated fewer
problems with mobility (P < 0.01), and 37 (36.6%) reported
a decrease in difficulties performing usual activities (P <
0.01). These differences were not seen for patients who did
not receive MDA.
Effect of lymphedema management. The ADL episodes

and foot and ankle circumferences significantly decreased
during the lymphedema management study (1995–1998) (P £
0.01). This period was followed by one of significant increase
in ADL episodes (P < 0.01) and no significant change in foot
or ankle circumference in the years after conclusion of the
study (P ³ 0.23). Although leg circumference did not reach
significance, there was a trend toward a higher rate of regres-
sion during the lymphedema management study compared
with after the study. Volume displacement of the leg failed to
show a significant decrease during the lymphedema manage-
ment study (P = 0.07), but the change in volume displacement
of the leg significantly increased after the lymphedema man-
agement study ended (P = 0.02) (Table 4).

DISCUSSION

This study represents the first longitudinal, quantitative,

leg-specific analysis examining the clinical effect of DEC on
lymphedema progression and ADL episodes over a 13-year

period. The results of this analysis did not find a difference in

the progression of lymphedema between those who received

DEC during MDA and those who did not on measures of foot

circumference, ankle circumference, leg circumference, vol-

ume displacement of leg, and stage of lymphedema. In addi-

tion, there was no difference found in the frequency of ADL

episodes between patients who had received DEC and those

who had not. Unlike prior studies that examined the preva-

lence of lymphedema within a population before and after

MDA began, the strength of this analysis lies in its ability to

examine the change in lymphedema and ADL episodes by

accounting for correlation over time in a cohort of persons

who were seen repeatedly over a 13-year period (median

number of time points of observation = 6).
Despite finding no difference in physical measures of

lymphedema progression or ADL episodes, patients who

received MDA reported improvement in four areas of quality

of life (experience of pain or discomfort, suffering from anxi-

ety or depression, problems with mobility, and difficulties

performing usual activities). These results indicate that

despite the lack of demonstrable physical improvement in

lymphedema and ADL episodes, lymphedema patients can
experience psychological benefits after receiving MDA.
The significant increase in the number of ADL episodes

after 2000 among persons who received MDA and those who

did not indicates that the rate of ADL episodes among this

lymphedema cohort increased despite the administration

of MDA. These results could indicate that even after admin-
istration of MDA in the commune, LF transmission still

remained high, thus precipitating ADL episodes.48 Data

showed that after six consecutive years of decreasing

antigenemia caused by administration of MDA, the suspen-

sion of MDA in 2006 resulted in a significant increase in anti-

genemia.39 Before initiation of MDA, antigen prevalence in

Léogane was 50.1%.37 Antigen prevalence steadily decreased

from 29.8% in 200337 to 23.2% in 2005, but increased to

31.2% in 2007 after suspension of MDA.39 In addition to the

missed MDA, systematic noncompliance, which has been

reported in Léogane, could also contribute to the recrudes-

cence of infection in the area.1,39,49

Table 4

Rate of change per year on lower extremity measurements, ADL episodes, and stage of lymphedema during and post-lymphedema management
study of 117 lymphedema patients, Léogane, Haiti, 1995–2008*

Outcome

Rate of change per
year during lymphedema

management study (1995–1998) P

Rate of change per
year post-lymphedema

management study (2000–2008) P

Foot circumference† –0.23 < 0.01 –0.12 0.10
Ankle circumference‡ –0.37 0.01 –0.18 0.23
Leg circumference§ –0.20 0.18 –0.13 0.46
Volume displacement¶ 45.01 0.07 56.69 0.02
ADL episodes# 0.59 < 0.01 1.28 < 0.01

*Adjusted for the same model specific variables as the mass drug administration models by using a generalized estimating equations (GEEs) repeated measures linear regression unless noted
otherwise below. ADL = adenolymphangitis.
†Circumference (in cm) of the foot 10 cm from the tip of the first toe.
‡Circumference (in cm) of the ankle 10 cm from the floor.
§Circumference (in cm) of the ankle 25 cm from the floor.
¶Amount of water (in mL) displaced from a standard volume of water.
#Rate of change reported is a rate ratio using a GEE repeated measures Poisson regression model. Rate defined as the number of ADL episodes per year.

Figure 2. Mean number of adenolymphangitis (ADL) episodes
during 1995–2008 among 117 lymphedema patients who received and
did not receive mass drug administration (MDA) in Léogane, Haiti.
The vertical line represents implementation of the intervention,
MDA, in October 2000. The data represent the raw mean number of
ADL episodes per year and do not reflect the actual slope of the line
after controlling for other covariates.
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As an alternative hypothesis, significant increase in ADL
episodes in this cohort since 2000 could reflect the status of the
hospital’s lymphedema management program and patient com-
pliance with lymphedema management techniques. Despite
controlling for compliance with lymphedema management
in this analysis by using a composite score, the components
of the hygiene composite score were based on self-reported
compliance, which may not accurately reflect what patients
were actually practicing at home. Furthermore, for this analy-
sis, we were unable to control for the intensive clinic-based
lymphedema management study during 1995–1998. In all other
years, there was no active clinic-based lymphedema manage-
ment program in which patients were regularly attending the
clinic. Instead, patients were practicing self-treatment at home
and encouraged to seek care as needed for their lymphedema
from the outpatient clinic. However, because of the history of
political unrest in Haiti, including political turbulence in 2004,
the resources available at the clinic have varied over time,
specifically regarding availability of healthcare professionals,
support groups, and home visit options for patients. This vari-
ability in clinic-based care, and specifically the cessation of a
lymphedema management study after 1998, could have con-
tributed to the significant increase in ADL episodes observed
among persons who received MDA and those who did not
after 2000.
The significant improvements detected in foot and ankle

circumferences and ADL episodes, along with the lack of
increase in leg volume during the lymphedema management
study during 1995–1998, suggest that lymphedema manage-
ment programs can greatly impact quantitative measures of
lymphedema.41 Data from this cohort also suggest qualitative
improvements in quality of life measures attributable to the
lymphedema management program. In 2008, among the
lymphedema cohort, 94.0% (110 of 117) reported that
hygiene had improved their leg somewhat or greatly and
89.7% (105 of 117) reported that their health in general had
improved since they started going to the lymphedema clinic.
The teaching, supervision, and reinforcement of lymphedema
management techniques offered at the clinic during the
intensive lymphedema management study could have greatly
contributed to quantitative and qualitative improvements in
lymphedema. In addition, the community awareness cam-
paigns and frequent support groups for LF patients during
1995–1998 could have contributed to sustaining patient moti-
vation for self-care at home, further adding to an improve-
ment in lymphedema.
This analysis has several limitations, including the small

number of patients in the cohort. In addition, it was unknown
in which years DEC was or was not taken by any person. The
small number of persons who reported not receiving MDA
may have decreased the power to detect a difference
between the persons who received MDA and those who did
not post-intervention. Despite use of quantitative measures
of lymphedema progression, use of leg circumference as an
indicator for LF progression is somewhat controversial
because it varies depending on time of day, amount of time
a person spends on one’s feet, and the female monthly hor-
monal cycle.12 In addition, investigators have reported incon-
sistencies with inter-observer reliability of measurements
(Squire D, unpublished data, 2009). However, leg circumfer-
ence is preferable to the outcomes other studies have used,
including lymphedema stage, because lymphedema progres-

sion can be extremely variable within stages. The retrospec-
tive nature of this analysis required combining prospective
cohort and cross-sectional studies for which data were col-
lected differently. In addition, these data are subject to recall
bias given that patients were asked to self-report numerous
activities or experiences, particularly over a 12-month period.
Lastly, because of the nature of data collection for the qual-
itative outcomes, we were unable to control for potential
cofounders, which may have limited our results. Further-
more, we were only able to examine the perceptions of qual-
ity of life pre- and post-intervention among persons who
received MDA.
The failure to find an impact of DEC on ADL episodes is

consistent with the findings of Beye and others,33 but is incon-
sistent with other studies assessing DEC.14,20,24–26,28,32,36 Sim-
ilarly, the failure to find an improvement in lymphedema after
receiving DEC is consistent with some studies,32–34 but incon-
sistent with several reports examining this question; although
these studies used varied DEC dosages over varied treatment
schedules.20,24–30,50 However, because of numerous differ-
ences in methods between studies, comparison with this study
is difficult. There is only one other study that has examined
the effect of DEC on leg circumference.20 The authors found
a significant decrease in leg circumference after exposure to
DEC, but only examined the effect over one year and failed
to account for the correlation among persons. Although our
research contributes to the literature examining the effect of
DEC administered through MDA on lymphedema from a
methods standpoint, it is clear that there is a need to better
understand the effect of drugs used in the MDA (DEC and
ivermectin), particularly in relation to albendazole, which is
co-administered with these drugs, on filarial morbidity.
Prospective cohort studies are necessary to improve our

understanding of this relationship. It is important to examine
the consistency with which persons take MDA because the
consecutive nature of ingestion may play a role in the rate of
change of lymphedema over time. In addition, the effect of
MDA on lymphedema-specific morbidity should be examined
across a variety of ages because the reversibility of filarial
damage observed by some researchers21 and not others22,23

could be dependent on age or duration of infection. New
modalities for assessment of filarial lymphedema, such as
bioimpedance spectroscopy and tissue tonometry, should also
be considered. These modalities measure subclinical changes
and could provide a more sensitive and accurate representa-
tion of the severity of lymphatic damage than the physical
measurements and staging previously available.51

The improvement of lymphedema observed in this cohort
during this 13-year period clearly coincided with results of
the lymphedema management study during 1995–1998. Con-
sistent with other literature is the significant decrease in
ADL episodes14,16,17,20 and the decrease in foot and ankle
circumference observed during the lymphedema manage-
ment program.20 In addition, the improvement in quality of
life associated with lymphedema management programs is
consistent with previous findings.18,52 These results highlight
the positive impact of morbidity control programs on quanti-
tative and qualitative measures of lymphedema-specific
morbidity. Therefore, LF elimination programs should pri-
oritize integration of lymphedema management programs
along with MDA to achieve their goal of reducing LF-
related disability.
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